Objective To prospectively assess the association between impoverished sensorimotor integration of the tongue and lips and post-extubation dysphagia (PED). Methods This cross-sectional study included non-neurologic critically ill adult patients who required endotracheal intubation and underwent videofluoroscopic swallowing study (VFSS) between October and December 2016. Participants underwent evaluation for tongue and lip performance, and oral somatosensory function. Demographic and clinical data were retrieved from medical records. Results Nineteen patients without a definite cause of dysphagia were divided into the non-dysphagia (n=6) and the PED (n=13) groups based on VFSS findings. Patients with PED exhibited greater mean duration of intubation (11.85±3.72 days) and length of stay in the intensive care unit (LOS-ICU; 13.69±3.40 days) than those without PED (6.83±5.12 days and 9.50±5.96 days; p=0.02 and p=0.04, respectively). The PED group exhibited greater incidence of pneumonia, higher videofluoroscopy swallow study dysphagia scale score, higher oral transit time, and lower tongue power and endurance and lip strength than the non-dysphagia groups. The differences in two-point discrimination and sensations of light touch and taste among the two groups were insignificant. Patients intubated for more than 7 days exhibited lower maximal tongue power and tongue endurance than those intubated for less than a week. Conclusion Duration of endotracheal intubation, LOS-ICU, and oromotor degradation were associated with PED development. Oromotor degradation was associated with the severity of dysphagia. Bedside oral performance evaluation might help identify patients who might experience post-extubation swallowing difficulty.
INTRODUCTION
Dysphagia is a common complication following neurologic conditions, such as stroke, traumatic brain injury, and Parkinson disease. It can also occur after surgical procedures, such as cervical spine surgery, pharyngeal resection, laryngectomy, hemiglossectomy, which affect swallowing-related structures. However, unrelated to these structures, some patients without neurologic illnesses can also develop dysphagia after endotracheal intubation.
A systematic review reported that prolonged endotracheal intubation causes dysphagia and severe complications like aspiration pneumonia [1] . In a recent study, the frequency of post-extubational supraglottic and infraglottic aspiration in non-neurologic critically ill patients was reported to be 59%, and the severity of dysphagia was related with the duration of intubation [2] .
The tongue plays a major role in the formation, placement, and manipulation of food bolus, propulsion of bolus to the pharyngeal cavity, and downward movement of bolus by coordinated motion during pharyngeal reflex [3] . In patients who have suffered stroke, tongue weakness is associated with reduced maximal swallowing pressure, which results in penetration and aspiration [4] . Weakness of vocal-fold motion and diminished pharyngeal sensation are well-known factors for post-extubational aspiration in ventilated patients. Additionally, tongue weakness due to sarcopenia and diminished somatosensory function of the tongue could also be a factor for post-extubation dysphagia (PED) [5, 6] .
Videofluoroscopic swallowing study (VFSS) is an objective method to quantify swallowing difficulty in patients with dysphagia. However, it is not routinely performed for extubated patients with non-neurologic critical illness. There is no standard protocol for the objective evaluation of dysphagia and optimization of diet in extubated patients. Additionally, VFSS cannot evaluate tongue and lip function.
Recently, the Iowa Oral Performance Instrument (IOPI; IOPI Medical LLC, Redmond, WA, USA) was introduced for assessment of tongue and lip function. Until now, only a few studies have reported that diminished tongue pressure measured by IOPI appears to be closely related to the diminished oral phase swallowing function in patients after stroke [7] . In the present study, the IOPI and VFSS were together used to evaluate tongue and lip strength, and to determine whether tongue and lip weakness correlates with PED.
The aim of this study was to determine the incidence of PED confirmed by videofluoroscopy and the association of PED with tongue strength and endurance, lip strength, and somatosensory deficits of the tongue in non-neurologic critically ill patients.
MATERIALS AND METHODS

Subjects
Between October and December 2016, 209 patients were referred to our department for evaluation of dysphagia. Thirty-nine patients aged 18-90 years admitted to the intensive care unit (ICU) were selected for this study. Of the 39 patients, 36 had received oral endotracheal intubation for at least 48 hours. Patients were excluded if they had (1) a history of neurologic diseases (e.g., stroke, Parkinsonism, or traumatic brain injury), (2) low Glasgow Coma Scale scores, (3) an inability to respond to questions, (4) received tracheostomy, (5) head and neck cancer or history of head or neck surgery, or (6) pre-existing dysphagia. Pre-existing dysphagia was determined by directly querying the subjects and by performing chart review to determine whether they had a history of pneumonia, coughing upon consumption of liquids, globus sensation, food sticking, weight loss, or diet modification before hospital admission. We finally selected 19 patients (14 males and 5 females; mean age, 67.42±13.17 years) who met the exclusion criteria.
Methods
IOPI analysis
All participants underwent motorsensory evaluation 4-14 days post-extubation. Tongue strength and endurance were measured using the IOPI, which consists of an air-filled plastic bulb connected to the measurement device through plastic tubing. Participants were instructed to push the bulb against the hard palate just behind the upper alveolar ridge using their tongue, with as much effort as possible. Maximal tongue pressure was measured by asking the participants to push their tongue out with as much effort as possible; a single well-trained clinician recorded the maximal pressure from the digital readout of the IOPI. Tongue endurance was defined as www.e-arm.org the duration for which patient could maintain a pressure equivalent to 50% of their maximal tongue pressure, while keeping the green light on. The pressure required to turn the green light on was set at 50% of the maximum tongue pressure in each case. Lip strength was measured by placing the IOPI bulb between the lips and having the participants purse their lips as hard as possible. All of the measurements were repeated three times, with 10-15 seconds of rest in between. The mean value of each measurement was considered for further analysis.
Sensory function
For oral somatosensory function analysis, the tongue was assessed for sensations of light touch and taste, and two-point discrimination by a single well-trained clinician, with the participants blindfolded. Sensation of light touch was evaluated over three trials with a thin wisp of cotton, for which participants responded with 'yes' (perceived touch) or 'no' (did not perceive touch). To ensure that participants were not guessing, a sham trial was conducted in which a thin wisp of cotton was placed near but not in contact with the tongue. Sensation of taste was evaluated using four different solutions: salty (sodium chloride; 30 mg tablet salt in 1 L water), sweet (sucrose; 60 mg refined sugar in 1 L water), sour (citric acid; 60 mL commercial lemon juice in 1 L water), and neutral (distilled water) solutions. Participants were blindfolded, and 1 mL of each solution was applied to the center of the tongue in random order. Participants were coached to respond 'salty' , 'sweet' , 'sour' , or 'just water' . Between each trial, subjects were provided 30 mL distilled water to clear residual material. Two-point discrimination was evaluated using 2, 3, 4, 5, 6, and 7 mm paperclips. Participants were coached to indicate perception of paperclips on the tongue by raising one or two fingers. To ensure accuracy of measurement, tests were administered in a random order.
VFSS analysis
Fluoroscopic analysis was performed in the lateral view by an experienced clinician and a radiographer trained in videofluoroscopy, under the supervision of a rehabilitation specialist. Although, Scheel et al. [8] found no association between the timing of assessment and PED, we performed the VFSS on days 1-7 post-extubation. Each subject performed a total of nine swallows of 3, 5, and 8 mL each of thin and thick liquids (Solotop Suspensions 70 and 140, respectively; Taejoon Pharm, Seoul, Korea) via a catheter-tip syringe, and 3 mL each of rice porridge, chopped fruit, and boiled egg containing barium solution (Solotop Powder For Suspension; Taejoon Pharm) via a spoon. PED was defined as the difficulty or inability to effectively and safely transfer food and liquid from the mouth to the stomach after extubation. Aspiration was defined as passage of materials through the vocal folds. Laryngeal penetration was defined as passage of materials into the larynx but not through the vocal folds. Severity of dysphagia was quantified using a 100-point VFSS dysphagia scale (VDS), which is applicable to patients with dysphagia due to numerous possible etiologies [9] . The VDS consisted of subscales of lip closure, bolus formation, mastication, apraxia, tongue-to-palate contact, premature bolus loss, oral transit time (OTT), triggering of pharyngeal swallow, vallecular residue, laryngeal elevation, pyriform sinus residue, coating on the pharyngeal wall, pharyngeal transit time (PTT), and aspiration. While OTT was scored 0 or 3 (if it exceeded 1.5 seconds) and PTT was scored 0 or 6 (if it exceeded 1.0 seconds).
Other measures
To investigate the risk factors for PED, data regarding the following variables of interest were retrieved from medical records. These included duration of endotracheal intubation, demographic information (age and sex), diagnosis leading to ICU admission, length of stay in the ICU (LOS-ICU), and medication (opiates, sedatives, and neuromuscular blockers). Diagnosis leading to ICU admission was categorized according to etiology as follows: respiratory, cardiac, cancer, intoxication, motor vehicle accident, sepsis, surgical, and miscellaneous etiologies.
Aspiration pneumonia was diagnosed according to the following criteria: history of suspected aspiration (e.g., choking during a meal or cough), fever, elevated white blood cell count, and C-reactive protein levels, and abnormal chest radiography or computed tomography findings.
The study design was prospective and cross-sectional in nature. All of the study protocols were approved by the Institutional Review Board of Gangneung Asan Hospital (IRB No. 2016-09-005), and informed patient consent was obtained.
Statistical analyses
Statistical analyses were performed using SPSS program 
RESULTS
Demographic data of age and sex showed no statistical differences. The most common disease category for admission to the ICU was respiratory diseases (Table 1) , which included one case each of chronic necrotizing pulmonary aspergillosis, chronic obstructive pulmonary disease, pulmonary thromboembolism, and acute respiratory distress syndrome, and five cases of pneumonia. The mean LOS-ICU and duration of endotracheal intubation were 10.26±4.71 days and 12.37±4.65 days, respectively ( Table 2) .
We defined PED as presentation of aspiration or penetration on VFSS findings. The incidence of PED confirmed by videofluoroscopy was 68.42%. On the basis of VFSS findings, patients were divided into the nondysphagic group (n=6) and the dysphagic (supraglottic penetration and aspiration; n=13) group. The mean duration of intubation and LOC-ICU in patients with PED (11.85±3.72 days and 13.69±3.40 days, respectively) were longer compared to those in patients without PED Values are presented as mean±standard deviation or number of subjects (%). PED, post-extubation dysphagia; ICU, intensive care unit. www.e-arm.org (6.83±5.12 days and 9.50±5.96 days, respectively; p=0.02 and p=0.04, respectively) ( Table 2 ). The incidence of pneumonia in the non-dysphagic and dysphagic group was 16.7%, and 84.6% respectively, which indicated that PED and pneumonia were positively correlated. The mean VDS scores of the non-dysphagia, PED groups were 4.75±7.40 and 25.19±9.32, respectively (p=0.002). The oral phase scored 40-points on the VDS involving lip closure, bolus formation, mastication, apraxia, tongue-to-palate contact, premature bolus loss, and OTT. There were no statistically significant differences in PTT and oral phase scores. However, OTT was significantly prolonged in the PED group.
Values of maximal tongue power in the non-dysphagia and PED groups were 36.00±4.43 kPa and 13.77±7.41 kPa, respectively ( Table 3 ). Severity of PED was correlated with lower maximal tongue power (p=0.001), tongue endurance (p=0.001), and lip strength (p=0.001). No correlation was observed between oral sensory changes (twopoint discrimination and sensation of light touch and taste) and severity of dysphagia (Table 3) .
Tongue power and endurance in patients who were intubated for over a week (17.15±7.93 kPa and 13.92±5.50 kPa, respectively) were lower compared to those in patients who were intubated for less than a week (32.83±8.75 kPa and 23.50±6.89 kPa, respectively; p=0.004 and p=0.02, respectively) ( Table 4 ). However, duration of intubation was not associated with lip power, two-point discrimination, or sensation of light touch or taste.
DISCUSSION
The findings of this prospective, cross-sectional study of non-neurologic critically ill patients who received en- www.e-arm.org dotracheal intubation demonstrate that the duration of intubation might be associated with the development of dysphagia after extubation. This result is consistent with that of a previous study [10] . The duration of endotracheal intubation might be positively correlated with the severity of dysphagia. Although several studies have employed the VFSS for dysphagia, few have included postextubational patients. A systematic review of 1,489 studies on PED [1] identified only three studies [11] [12] [13] that employed VFSS for confirming dysphagia. However, since all of these studies had employed VFSS only in patients who failed the bedside swallowing test or had exhibited clinical signs of aspiration, they might have excluded some patients with silent aspiration. Furthermore, Ferraris et al. [12] enrolled patients with prior transient ischemic attack or stroke. Therefore, it has been challenging to determine whether PED results from intubation. The strength of the present study is that patients with neurologic disorders were excluded to minimize confounding factors related to dysphagia; additionally, all subjects enrolled in this study underwent the VFSS for objective confirmation of dysphagia. A previous study involving healthy male and female subjects reported maximal isometric tongue strength ranging from 19.25±18.64 kPa to 73.33±12.03 kPa [14] . However, the present study sample exhibited lower mean maximal isometric tongue strength; 22.11±10.92 kPa. It might have been because the present study sample included only critically ill patients.
Another previous study reported maximal isometric tongue strength values of 63.9±15.2 kPa, 61.5±13.0 kPa, and 54.5±11.1 kPa in healthy subjects with ages of 20-39, 40-59, and 60-79 years, respectively [15] . These findings were attributed to age-related reduction in muscle mass [16] . Decreased tongue pressure has been reported to be associated with sarcopenia [5] . Therefore, prolonged intubation might result in reduction of tongue muscle mass and maximal tongue power.
In a previous study, mean tongue endurance in a healthy population ranged from 15.72±5.86 to 37.85±23.55 seconds, regardless of age [14] . These values are greater compared to those observed in the present study; 16.95±7.37 seconds, where duration of intubation was found to be negatively correlated with tongue endurance.
Oral motor exercises can help improve motor functions of the tongue. In a previous study, peak isometric, and swallowing pressures were increased after 8 weeks of lingual muscle exercise in healthy elderly subjects suspected of sarcopenia in the bulbar innervated tongue musculature, although there was no improvement in the extent of penetration/aspiration [4] . However, these results were obtained in healthy elderly subjects without swallowing difficulties. This indicates that, in subjects with sarcopenia due to prolonged intubation, lingual muscle exercise might increase tongue strength and subsequently alleviate PED as well as related complications such as pneumonia, malnutrition, and dehydration.
A previous study reported mean lip strength values of 33.8±15.1 kPa and 22.4±7.5 kPa, respectively, in healthy male and female subjects 18-89 years of age, with no agespecific differences [17] . The mean lip strength observed in the present study (17.84±8.91 kPa) was lower compared to that in the previous study. Weakness of labial muscles renders lip closure difficult and causes drooling, loss of food from the mouth, reduced chewing rate and efficiency, and reduced straw suction [18] . Participants in the present study exhibited difficulties in lip closure, drooling, and loss of food from the mouth in the VFSS. Thus, loss of maximal lip compression strength might be one of the factors for dysphagia in extubated patients.
In normal swallowing, tactile receptors in the oropharynx transmit signals to the trigeminal sensory nuclei via the trigeminal nerve and afferent sensory nerve fibers [19] . Taste receptors in the oropharynx transmit signals via the chorda tympani to the nucleus tractus solitarius and then to the primary sensory cortex of the brain [20] . These oral-sensory inputs result in the activation of swallowing-related regions including the primary motor cortex, cingulate cortex, putamen, and insula [19] [20] [21] .
Taste recognition in healthy subjects is not 100% accurate. In a previous study, accuracies of participant responses were reported to be 90% for neutral, 90% for salty, 92.5% for sweet, and 80% for sour tastes [22] . Presently, there were no differences in taste recognition among the three groups, which indicated that there was no association between intubation and taste recognition, and that the sense of taste might be spared after prolonged intubation.
A previous study reported two-point discrimination values of 2.1±0.3 mm in healthy control subjects and 3.2±1.6 mm in extubated subjects 4 hours after extubation [6] . In contrast, the mean two-point discrimination value in the www.e-arm.org present study was 4.42±1.68 mm, which indicates poorer discrimination among the present study sample. However, there were no differences in two-point discrimination among the three groups.
Disturbance of taste and tactile sensation have been reported previously in patients affected with Parkinson disease [23] and stroke [24] , as well as in patients with head and neck cancer post-reconstruction [25, 26] . Impairment of the sensory-cortical-motor feedback loops affects proper bolus formation and interrupts sequential swallowing response in the pharyngeal phase. Fortunately, sensory deficit after endotracheal extubation has been demonstrated to improve 14 days post-extubation [6] . However, there has been no evidence supporting improvement in tongue somatosensory function with exercise.
Tongue weakness and somatosensory disturbance are among the factors responsible for the development of dysphagia in patients under ventilator care. Given that these two factors might contribute to swallowing difficulty after prolonged endotracheal intubation, patients require intervention for improving tongue motion, strength, range of motion, and coordination. Further studies are required to examine whether oral motor exercises can help reduce pulmonary complications, morbidity, hospital costs, and duration of hospitalization in patients with oropharyngeal sensory-motor disturbances.
The present study has a few limitations. First, we were unable to evaluate explanatory variables because of the small sample size. Second, given the cross-sectional nature of the present study, we were unable to clarify causal relationships among the variables. Further longitudinal studies are required to achieve this objective. Third, the study subjects included patients with pneumonia, so we could not fully exclude the possibility of aspiration due to previous dysphagia. Further studies need to be performed excluding patients with pneumonia. Finally, we did not collect data regarding symptom presentation for sarcopenia and laryngeal dysmotility, which might influence swallowing difficulty.
In conclusion, objective bedside evaluation of tongue function is necessary in patients after extubation. It might aid in the early detection of PED and help minimize the risk of aspiration pneumonia.
